1. Introduction {#s1}
===============

Cilostazol is widely used for anti-platelet treatment in patients with coronary artery disease, especially after percutaneous coronary intervention (PCI). It is reported that the addition of cilostazol to aspirin and clopidogrel dual anti-platelet therapy is more effective in preventing restenosis and avoiding target-vessel revascularization after PCI.[@b1] However, the exact mechanism underlining this effect is still not clearly understood. Previously, we proved that cilostazol suppresses the differentiation of Th1 and Th17 cells and up-regulates regulatory T cells.[@b2] Other researchers have demonstrated that cilostazol can also down-regulate C-C chemokine receptor type 2 (CCR2) gene expression, so as to reduce monocyte chemoattractant protein-1 (MCP-1)-induced chemotaxis and adhesion of monocytes.[@b3] Moreover, cilostazol inhibits atherosclerosis by reducing the production of superoxide and tumor necrosis factor α (TNF-α).[@b4] Besides, it has been recently discovered that cilostazol suppresses TLR2-mediated IL-23 production from macrophage.[@b5] Taken together, the effect of cilostazol on the immune system is of consideration during the clinical treatment.

It is widely accepted that immune cells and cytokines play a vital role during the development of atherosclerosis. Plasmacytoid dendritic cell (pDC) is a special subset of DCs characterized by their high level of IFN-α production upon viral infection or nucleic acid TLR lig and stimulation.[@b6] It is demonstrated that intraperitoneal injection of interferon α (IFN-α) accelerated atherosclerosis in low density lipoprotein (LDL) receptor-deficient mouse model fed with western type diet.[@b7] Besides, pDCs in atherosclerotic plaque could induce smooth muscle cells apoptosis through IFN-α.[@b8] In another study, injection of peptide/DNA complex, which triggered pDCs activation via TLR9 to induce IFN-α production, promoted an enhanced atherosclerotic lesion formation in Apoe^−/−^ mice. Furthermore, the exacerbation of atherosclerosis was adverted when plasmacytoid dendritic cell Ag-1 (PDCA1) antibody was added to deplete pDCs.[@b9]

Since cilostazol can influence T cells, monocytes and macrophages,[@b2],[@b3],[@b5] in this report, we investigated the effect of cilostazol on TLR ligand and virus-induced activation and antigen presentation capacity of pDCs.

2. Methods {#s2}
==========

2.1. Isolation of peripheral blood mononuclear cells and pDCs {#s2a}
-------------------------------------------------------------

The study protocol was approved by the Institutional Ethics Committee of 306^th^ Hospital of PLA. Peripheral blood mononuclear cells (PBMCs) were isolated from healthy donors by Ficoll centrifugation. Monocytes, NK cells, T cells and B cells were depleted using a mixture of anti-CD3, anti-CD14, anti-CD16, anti-CD19, anti-CD20, and anti-CD56 mAbs (Biolegend, San Diego, CA, USA) with magnetic beads coated with goat anti--mouse IgG (MiltenyiBiotec, San Diego, CA, USA). The lineage (CD3, CD14, CD16, CD19, CD20) depleted PBMC were stained with HLA-DR (APC-Cy7), CD123 (BV421), CD11c (APC), and HLA-DR^+^CD123^+^CD11c^−^Lin^−^pDCs were sorted with BD FACSAriaIII (BD Biosciences, Franklin Lake, NJ, USA), and the purity of pDCs was over 99%.

2.2. Drugs and cell culture {#s2b}
---------------------------

Cilostazol was purchased from Sigma, and dissolve in DMSO at the concentration of 8×10^4^ µmol/L for storage. PBMCs or purified pDCs, cultured in RPMI 1640 (Hyclone, Logan, UT, USA) containing 10% FCS at 2×10^5^ cells or 1×10^4^ per 200 µL in round-bottomed 96-well culture plates, were pretreated with cilostazolor DMSO as vehicle for 2 h before stimulated with 2 µmol/L CpG-A(Invivogen, San Diego, CA, USA), 2 µg/mL R848 or 5 MOI HSV. After 20h of culture, cells and supernatants were harvested for further analysis. The level of IFN-α and TNF-α in supernatant was assessed by ELISA (Mabtech, Nacka Strand, Sweden) or Flow Cytomix (eBioscience, San Diego, CA, USA). Cell viability was determined by Guava Viacount (Guava easyCyte, EMD Millipore, Billerica, MA, USA) and Trypan Blue staining.

2.3. Intracellular cytokine analyses {#s2c}
------------------------------------

PBMCs were stimulated as indicated for 6 h, and BFA (Biolegend, 1: 1000 dilution) was added in the culture for the last 3 h. Cells were harvested, fixed and permeabilized by using the Cytofix/Cytoperm kit (BD Biosciences). Briefly, cells were first fixed in fixation/permeabilization solution for 20 min at 4°C. Following two washing steps with the permeabilization/washing solution, cells were stained with optimal concentrations of fluorochrome-conjugated antibodies against IFN-**α** or TNF-**α** in the permeabilization/washing solution for 30 min at 4°C. After washing three times, cells were suspended in PBS containing 1% fetal calf serum and acquired on LSRFortessa (BD Biosciences) and analyzed by Summit.

2.4. T cell proliferation assay {#s2d}
-------------------------------

Human CD4^+^CD45RA^+^ naïve T cells were purified from PBMC by negative selection with magnetic beads (Miltenyi Biotech, Germany). After 2 h of incubation with cilostazol, pDCs (from 156 to 5,000) were stimulated with 0.2 µmol/L CpG-B (TAKALA, Otsu, Shiga, Japan) for 48 h, then cultured with 5×10^4^ naïve T cells freshly isolated from PBMCs (naïve CD4^+^ T Cell Isolation Kit, MiltenyiBiotec) in round-bottomed 96-well culture plates in RPMI 1640 containing 10% FCS. After five days of pDC-T cell co-cultures, cells were pulsed with 1 mCi \[^3^H\] thymidine for 18 h before harvesting and counting. Tests were carried out in duplicate and standard deviations were indicated with bars.

2.5. Statistical analysis {#s2e}
-------------------------

GraphPad Prism software (Prism 5 for Mac OS X) was used for statistical analysis. All samples were performed in at least duplicate, with each experiment repeated at least two times. Data are shown as means ± SE. Differences between groups were determined using an unpaired or paired, two-tailed, Student\'s *t*-test. *P* \< 0.05, *P* \< 0.01 and *P* \< 0.001 were considered statistically significant.

3. Results {#s3}
==========

3.1. Cilostazol inhibited CpG-A and R848-induced production of IFN-α and TNF-α from PBMCs {#s3a}
-----------------------------------------------------------------------------------------

The production of IFN-α, which is the most notable characteristic of pDCs, has been proved to promote the progression of atherosclerosis. So, we first determined whether cilostazol could influence IFN-α production. PBMCs were pretreated with cilostazol or DMSO for 2 h before adding 2 µmol/L CpG-A for 20 h. The level of IFN-α in the supernatant was detected by ELISA. According to our results, cilostazol could significantly reduce the production of IFN-α in a dose-dependent manner ([Figure 1A](#jgc-12-04-388-g001){ref-type="fig"}), and 40 µmol/L cilostazol had an obvious effect. We further examined the intracellular cytokine level by flow cytometry analysis, and the results were consistent with ELISA data. The gating strategy was shown in [Figure 1B](#jgc-12-04-388-g001){ref-type="fig"}. Notably, IFN-α production in cilostazol group was decreased to 38.3% compared to the control group (*P* = 0.019, [Figure 1C, D](#jgc-12-04-388-g001){ref-type="fig"}). Moreover, we found that the TNF-α production was also inhibited by cilostazol, and reduced to 52.1% on average ([Figure 1C, D](#jgc-12-04-388-g001){ref-type="fig"}).

![Cilostazol inhibits CpG-A-induced IFN-α and TNF-α production from PBMCs.\
(A): The reduction of IFN-α in supernatant. 2×10^5^ PBMCs in each well of 96-well plates were pretreated with cilostazol at indicated doses for 2 h before stimulated by CpG-A for 20 h. IFN-α level in supernatant was measured by ELISA. (B): The gating strategy of flow cytometry. (C): The inhibition of cilostazol on intracellular IFN-α and TNF-α production. 2×10^5^ PBMCs in each well of 96-well plates were pretreated with 40 µmol/L cilostazol for 2 h before stimulated by CpG-A for 6 h and BFA was added for the last 3 h. The amount of intracellular IFN-α and TNF-α was tested by flow cytometry. Data were representative of four independent experiments. (D): Statistical data of [Figure 1C](#jgc-12-04-388-g001){ref-type="fig"}. In particular, paired two-tail *t*-test was used to analyze the differences between each donor in different groups. \**P* \< 0.05, \*\**P* \< 0.01, *vs*. control group. CD: cluster of differentiation; FSC: forward scatter; HLA-DR: human leucocyte antigen-D region; IFN-α: interferon-α; Lin: linear amplification; PBMCs: peripheral blood mononuclear cells; SSC: side scatter; TNF-α: tumor necrosis factor-α.](jgc-12-04-388-g001){#jgc-12-04-388-g001}

In addition, we also tested the effect of cilostazol on TLR7 ligand and R848 induced inflammation. Similar to CpG-A, both the production of IFN-α and TNF-α induced by R848 was repressed by cilostazol ([Figure 2](#jgc-12-04-388-g002){ref-type="fig"}). These data of intracellular staining proved that cilostazol influences the protein production of cytokine.

![R848-induced IFN-α and TNF-α production are also decreased by cilostazol in a dose-dependent manner.\
PBMCs were pretreated with cilostazol at indicated concentrations for 2 h before stimulated with 2 µg/mL R848 for 6 h and BFA was added for the last 3 h. Intracellular IFN-α and TNF-α was examined by flow cytometry. Data were representative of two independent experiments. CD: cluster of differentiation; IFN-α: interferon-α; PBMCs: peripheral blood mononuclear cells; TNF-α: tumor necrosis factor-α.](jgc-12-04-388-g002){#jgc-12-04-388-g002}

3.2. Cilostazol directly suppressed CpG-A and virus induced-cytokine production from purified pDCs {#s3b}
--------------------------------------------------------------------------------------------------

Since there are still several other kinds of lymphocytes in PBMCs, especially T cells, and based on our previous results, cilostazol can also influence the differentiation and function of T cells. So it is still not clear whether the inhibition of cilostazol on pDCs is dependent on other cells or not. To eliminate interaction of other cells with pDCs, we isolated pDCs from PBMCs by FACS to over 99% purity ([Figure 3A](#jgc-12-04-388-g003){ref-type="fig"}). Purified pDCs were treated with cilostazol and CpG-A as before. After 20 h, we tested the levels of IFN-α and TNF-α in the supernatant. We found that cilostazol significantly inhibited the generation of IFN-α ([Figure 3D](#jgc-12-04-388-g003){ref-type="fig"}) and TNF-α ([Figure 3C](#jgc-12-04-388-g003){ref-type="fig"}).

Anti-virus infection is a main function of pDCs, and virus infection, to some extent, contributes to pathogenesis of atherosclerosis.[@b10],[@b11] To fully understand the inhibition of cilostazol on IFN-α, we further stimulated enriched pDCs with two kinds of virus, herpes simplex virus (HSV) and influenza virus (PR8). Consistent with previous results, cilostazol dampened both HSV and PR8-induced IFN-α production (data not shown). To confirm this result, we next stimulated purified pDCs with HSV. Cilostazol could also inhibit HSV stimulated IFN-α production (*P* = 0.0092, [Figure 3D](#jgc-12-04-388-g003){ref-type="fig"}). Stimulated pDCs were counted by Guava Viacount ([Figure 4A](#jgc-12-04-388-g004){ref-type="fig"}) and Trypan blue staining ([Figure 4D](#jgc-12-04-388-g004){ref-type="fig"}). As shown in [Figure 4](#jgc-12-04-388-g004){ref-type="fig"}, the viability of pDCs was not affected by cilostazol, which meant the effect of cilostazol was not due to cell killing.

![Cilostazol inhibits CpG-A and virus-induced cytokine production.\
(A): The gating strategy and purity of pDCs. (B): Cilostazol inhibited CpG-A-induced IFN-α production from pDCs. Purified pDCs were pretreated with cilostazol at indicated concentrations for 2 h before stimulated by CpG-A for 20 h. The supernatant was used to measure IFN-α by ELISA. (C): Cilostazol inhibited CpG-A-induced TNF-α production from pDCs. Samples were randomly chosen from three independent experiments in [Figure 3B](#jgc-12-04-388-g003){ref-type="fig"}, and the levels of TNF-α were determined by FlowCytomix™. (D): Cilostazol directly reduced HSV-induced IFN-α production from pDCs. pDCs were treated with cilostazol and HSV (5 MOI) as in [Figure 3B](#jgc-12-04-388-g003){ref-type="fig"}, and the levels of IFN-α were tested by ELISA. One representative of two independent experiments is shown. \**P* \< 0.05, \*\**P* \< 0.01, *vs*. control group. CD: cluster of differentiation; FSC: forward scatter; HLA-DR: human leucocyte antigen-D region; HSV: herpes simplex virus; IFN-α: interferon-α; Lin: linear amplification; pDCs: plasmacytoid dendritic cells; SSC: side scatter; TNF-α: tumor necrosis factor-α.](jgc-12-04-388-g003){#jgc-12-04-388-g003}

![The viability of pDC does not change upon cilostazol treatment.\
3×10^4^ pDCs were pretreated with or without cilostazol (40 µmol/L) for 2 h, before stimulated by 2 µmol/L CpG-A for 8 h. Cell viability was determined by Guava Viacount (A) and Trypan Blue staining (B). Data were representative of two independent experiments. Guava: guava easyCyte; pDC: plasmacytoid dendritic cell.](jgc-12-04-388-g004){#jgc-12-04-388-g004}

3.3. Cilostazol inhibited pDCs to prime naïve T cells {#s3c}
-----------------------------------------------------

Antigen presentation is an important function of pDCs. To analyze whether cilostazol could affect pDCs on priming T cells, pDCs ranging from 156 to 5000 were pretreated with or without 40 µmol/L cilostazol for 2 h. Then cells were treated with CpG-B for 48 h before co-cultured with naïve T cells for 5 days. We found that the proliferation of T cells was significantly suppressed with cilostazol treated pDCs ([Figure 5](#jgc-12-04-388-g005){ref-type="fig"}), which indicated that antigen presentation of pDCs to T cell were dampened by cilostazol.

![Cilostazol inhibits pDCs to prime naïve T cells.\
PDCs were pretreated with cilostazol (40 µmol/L) or DMSO for 2h before stimulated with CpG-B for 48 h, then co-cultured with fresh naïve T cells for 5 d, and pulsed with 0.5 µCi of \[^3^H\]-TdR (2 Ci/mmol) for 18 h. Cells were harvested onto glass fiber filters and counted for radioactivity. The result was representative of two independent experiments. CPM: counts per minute; pDCs: plasmacytoid dendritic cells; \[^3^H\]TdR: ^3^H --thymidine.](jgc-12-04-388-g005){#jgc-12-04-388-g005}

4. Discussion {#s4}
=============

The generation of cytokine, especially IFN-α, is the main characteristic of pDCs, which takes part in the progression of atherosclerosis. As we observed, cilostazol could directly inhibit CpG-A-induced cytokine production, which may explain why the addition of cilostazol to aspirin and clopidogrel showed better clinical benefit. Interestingly, it has also been demonstrated that influenza virus can directly infect and reside in atherosclerotic arteries to promote atherosclerosis,[@b10] so the treatment of cilostazol may partly prevent the progression induced by virus. It has been confirmed that effective T cells promote atherosclerosis through various ways.[@b12] In the present study, we firstly demonstrated cilostazol could inhibit the proliferation of antigen-specific T cells by down-regulating the antigen presentation function of pDCs, so this might be another way to explain how cilostazol protect against atherosclerosis. Taken together, we reported for the first time that cilostazol could suppress pDCs activation which would help us understand the mechanism how cilostazol prevents atherosclerosis.

It is essential to study how cilostazol affects the function of pDCs in patients. However, cilostazol is mostly used in patients after PCI who have taken statins, aspirin or traditional Chinese medicines before admitted to the hospital. So it is difficult to exclude the interference of other drugs. Moreover, even at the peak plasma concentration (2 µmol/L), cilostazol only has minimum effect on human pDCs (our unpublished data). Cilostazol would preferentially accumulate at higher concentration in intestines tissue after oral administration and affect pDCs in the digestive tract. However, information on concentrations of cilostazol and studies of the effects of cilostazol on pDCs in intestines tissue are mainly restricted. The effect of cilostazol on pDCs in intestines tissue needs further investigation.

Along with previous results, cilostazol has a very board influence on immune system. It has already caused much attention for more than 20 years that drugs used in cardiovascular diseases can affect immune system.[@b13] In recent years, more and more papers have proposed or verified cardiovascular drugs could affect immune system in which statins is the most noticeable.[@b14] Some researchers have regarded statins as anti-inflammation agents,[@b15] and used them to suppress inflammation and atherosclerosis in the mouse model,[@b16] or even have tried to take statins as a treatment option for immune disorders such as multiple sclerosis.[@b17] Above all, it is noteworthy that many different kinds of common cardiovascular drugs can affect immune cells during therapeutic process, and we will further clarify how cilostazol influences pDCs in treated patients or animal models.
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